A Gram-stain-negative, yellow-pigmented, non-flagellated, gliding, rod-shaped, oxidase-negative and catalase-positive bacterium, designated SE14
The genus Flavobacterium, belonging to the family Flavobacteriaceae in the phylum Bacteroidetes, was originally proposed by Bergey et al. [1] and the description was later emended by Holmes and Owen [2] , Bernardet et al. [3] , Dong et al. [4] , Kang et al. [5] and Kuo et al. [6] . The genus Flavobacterium currently contains 173 type species, which were isolated worldwide from various environments such as soils [7] [8] [9] [10] , fresh water [11] [12] [13] [14] , sediments [15] [16] [17] and Antarctic habitats [18] [19] [20] [21] . Most species of the genus are Gram-stain-negative, aerobic, rod-shaped and yellow-pigmented bacteria and usually have gliding motility and a DNA G+C content of 30-52 mol% [6, 22] . The genus is chemoorganotrophic, and usually positive for catalase and oxidase. The optimum growth temperature range is 20-30 C for most temperate species and [15] [16] [17] [18] [19] [20] C for most cold-living species. The genus Flavobacterium contains menaquinone-6 as the only or predominant respiratory quinone. C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 0 3-OH, anteiso-C 15 : 0 , C 15 : 1 !6c, iso-C 15 : 1 G, iso-C 16 : 0 3-OH, and iso-C 17 : 0 3-OH, as well as iso-C 15 : 0 2-OH and/or C 16 : 1 !7c and/or C 16 : 1 !7t are the predominant cellular fatty acids [23] . In the present study, we describe a novel bacterial strain, designated SE14
T , which was isolated from soils of a seal habitat in Antarctica.
The soil sample was collected from a seal habitat on King George Island, in the South Shetland Islands, Antarctica (62 11¢ 10 † S, 58 59¢ 37 † W) during the 32nd Chinese Antarctic Research Expedition in 2016. Strain SE14 T was isolated from the soil sample by using the standard dilution plating technique on a solid medium [containing 0.2 % yeast extract, 0.3 % peptone, 0.5 % skimmed milk powder (Sigma), 1.5 % agar, 15 % artificial sea water (prepared with Sigma Sea Salts), pH 7.0] at 15 C. A single colony of strain SE14
T with a clear hydrolytic zone on a plate was picked and routinely subcultured on nutrient agar (NA, containing 0.5 % peptone, 0.3 % beef extract, 0.5 % NaCl, 1.5 % agar) at 20 C and preserved in nutrient medium supplemented with 15 % (v/v) glycerol at À80 C. The reference strains The 16S rRNA gene of strain SE14 T was amplified by PCR using primers 27F/1492R [24] and the obtained DNA fragment was sequenced. Phylogenetic neighbours were identified and pairwise 16S rRNA gene sequence similarity was calculated using the EzBioCloud server [25] . Phylogenetic trees were generated by MEGA version 7.0 [26] using the neighbour-joining [27] , minimum-evolution [28] and maximum likelihood methods [29] . Evolutionary distance was computed by the Kimura two-parameter method [29] for the trees. The topologies of the phylogenetic trees were evaluated by bootstrap test based on 1000 replications [30] .
The almost complete 16S rRNA gene sequence (1480 nt) of strain SE14
T was obtained. Comparisons of the sequence via EzBioCloud server showed that strain SE14
T was most closely related to F. antarcticum with a similarity of 95.8 %, followed by Flavobacterium tegetincola with 95.5 % and Flavobacterium degerlachei with 95.2 %. In the neighbour-joining phylogenetic tree (Fig. 1) , the strain SE14
T consisted of a clade with F. noncentrifugens (16S rRNA gene sequence similarity 94.9 %) and Flavobacterium qiangtangense (16S rRNA gene sequence similarity 94.2 %) and simultaneously formed a distinct phyletic lineage (Fig. 1) . The same general topology was found in the minimum-evolution and maximum-likelihood phylogenetic trees (Figs S1 and S2, available in the online version of this article). C. Cell morphology was examined by scanning electron microscopy (JEOL 7500F). Gram reaction was performed using the non-staining method [31] . The presence of flexirubin-type pigment was examined using 20 % KOH (w/v) and the gliding motility test was carried out using the hanging drop technique as previously described by Bernardet et al. [32] . Growth under anaerobic (10 % H 2 , 10 % CO 2 and 80 % N 2 ) and microaerobic (5 % O 2 , 10 % CO 2 and 85 % N 2 ) conditions was determined after incubation for 14 days in an anaerobic jar with or without 0.1 % (w/v) KNO 3 . The growth temperature range and optimal temperature was measured in nutrient medium at 4-40 C (4, 10, 15, 20, 25, 30, 35 , 37 and 40 C). The growth pH range and optimal pH were measured in nutrient medium at intervals of 0.5 pH units from 5.0 to 10.0 buffered with 50 mM MES (pH 5.0-6.5), 50 mM MOPS (pH 6.5-7.5), 50 mM Tris (pH 7.5-9.0) and 50 mM CHES (pH 9.0-10.0), respectively. Tolerance to salinity was tested in nutrient broth supplemented with 0-5.0 % NaCl (w/v) at 0.5 % intervals. Oxidase activity was examined using Merck oxidase test strips, and catalase activity was determined by observing the bubble formation in 3 % (v/v) H 2 O 2 . Hydrolysis of alginate (0.5 %, w/v), casein (1 %, w/v), cellulose (0.5 % CM-cellulose, w/v), chitin (0.5 %, w/v), elastin (0.5 %, w/v), starch (0.2 %, w/v), Tweens 20, 40, 60 and 80 (1 %, v/v) was tested using NA as the basal medium. Acid production from carbohydrates, enzyme activities and additional biochemical characteristics were tested using API 50CHB, API 20E and API ZYM strips (bioM erieux), while oxidation of substrates was evaluated using the GENIII Micro Plate system (Biolog), each following the manufacturer's instructions. The reference strains were tested at their respective optimum temperatures. Colonies of strain SE14
T were yellow, circular (1.0-2.5 mm in diameter) and smooth after 4 days' incubation on NA at 20 C. Cells of strain SE14 T were Gram-stain-negative, non-flagellated rods (Fig. S3) . Strain SE14 T grew weakly under the microaerobic conditions and poorly under the anaerobic conditions. Strain SE14
T differed from closely related species of the genus Flavobacterium in a variety of phenotypic features, such as temperature range for growth, acid production from carbohydrates (showed by API 50CHB), enzyme activities (shown by API ZYM), oxidation of substrates (showed by GENIII MicroPlate system) and genomic DNA G+C content, as shown in Table 1 . Other morphological, physiological and biochemical data of strain SE14
T are given in the species description. Characteristics that differentiate strain SE14 T from F. antarcticum JCM12388 T , F. noncentrifugens NBRC108844 T and F. lacus NBRC109715 T are listed in Table 1 .
For cellular fatty acid analysis, cell biomass of strain SE14 T and its reference strains F. antarcticum JCM12388 T , F. noncentrifugens NBRC108844 T and F. lacus NBRC109715 T was harvested after cultivation on NA at 20 C for 4 days. Cellular fatty acid methyl esters were obtained by saponification, methylation and extraction, further analysed by using an Agilent 6890 N gas chromatograph, and identified using the Sherlock Microbial Identification System (MIDI) (version 4.5 and the TSBA40 database) at Shanghai Public Health Clinical Centre, PR China. Polar lipids were extracted following the procedures reported by Komagata and Suzuki [33] and analysed using two-dimensional TLC with appropriate spraying reagents including ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids) and Zinzadze reagent (phospholipids). Quinones were extracted according to Komagata and Suzuki [33] and further identified using a liquid chromatography-MS system consisting of a Dionex Ultimate 3000 HPLC coupled to a Bruker Impact HD mass spectrometer. The genomic DNA G+C content was determined by thermal denaturation using genomic DNA of Escherichia coli K-12 as a control [34] .
The major cellular fatty acids (>5 %) of strain SE14
T were anteiso-C 15 : 0 (21.9 %), iso-C 15 : 0 (8.8 %) and summed feature 3 (12.7 %, combinations of fatty acids that cannot be separated by the MIDI system including iso-C 15 : 0 2-OH and/or C 16 : 1 !7c), which differ greatly from those of F. antarcticum JCM12388 T , F. noncentrifugens NBRC108844 T and F. lacus NBRC109715 T (see Table 2 ). Polar lipids of strain SE14
T included phosphatidylethanolamine and four unidentified aminolipids (Fig. S4) . Strain SE14
T contained menaquinone-6 as the only respiratory quinone, typical in members of the family Flavobacteriaceae [32] . The DNA G+C content of strain SE14 T was 42.3 mol%, within the range of 30-52 mol% reported in the genus Flavobacterium [6] .
Based on the phenotypic and phylogenetic analysis, isolate SE14
T represents a novel species of the genus Flavobacterium, for which the name Flavobacterium phocarum sp. nov. is proposed.
DESCRIPTION OF FLAVOBACTERIUM PHOCARUM SP. NOV.
Flavobacterium phocarum (pho.ca¢rum. L. pl. gen. n. phocarum of seals).
Cells are Gram-stain-negative, non-flagellated, non-gliding rods 0.3-0.6 µm wide and 0.9-4.9 µm long. Flexirubin-type pigments are not present. Colonies are yellow, circular (1.0- 2.5 mm in diameter), smooth after 4 days' incubation on at 20 C. Grows weakly on Anacker and Ordal agar, marine agar, R2A and well on egg yolk agar, nutrient agar, tryptic soy agar and sea-salt-free Zobell's agar, but not on MacConkey agar. Growth is aerobic. Grows weakly under microaerobic conditions (with 5 % O 2 , 10 % CO 2 and 85 % N 2 ) and poorly under anaerobic conditions (with 10 % H 2 , 10 % CO 2 and 80 % N 2 ). Growth occurs at 4-25 C (optimum, 20 C), at pH 6.0-9.0 (optimum, pH 7.0-7.5) and with 0-3.0 % NaCl (optimum, 1.0-1.5 %). Catalase-positive but oxidase-negative. Decomposes casein, but not alginate, cellulose, chitin, elastin, starch, Tweens 20, 40, 60, and 80. All data are from this study unless otherwise indicated. All strains were positive for acetoin production, gelatinase, alkaline phosphatase, leucine arylamidase, valine arylamidase and acid phosphatase, and utilization of gelatin and acetoacetic acid, and negative for b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, H 2 S production, urease, tryptophan deaminase, indole production, fermentation/oxidation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, esterase (C4), esterase lipase (C8) 
42.3 38.0 † 46.5 ‡ 34.9 § *R/O, range/optimum. †Data obtained from another study as indicated: F. antarcticum JCM12388 T , Yi et al. [21] . ‡Data obtained from other studies as indicated: F. noncentrifugens NBRC108844 T , Zhu et al. [35] . §Data obtained from another study as indicated: F. lacus NBRC109715 T , Li et al. [36] . 
